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Enhance oil productivityAbstract This study includes a new understanding of the depositional model of Abu Roash ‘‘C”
Member deposited in Sitra Field in Abu Gharadig Basin during Turonian time, and illustrates the
major affecting factors that control the behavior of this reservoir and consequently offer a great
opportunity for Sitra ﬁeld’s future development activities through a new methodology to maximize
the ﬁeld’s ultimate recovery.
The Sitra development lease is located in north Western Desert and occupies the central western
part of Abu Gharadig Basin and covers the southern extension of Badr El-din Petroleum Company
(BAPETCO) leases with an area of 322.4 km2. Sitra Area is divided into several structural closures;
the main producing one is the Sitra 8 block in which 39 wells were drilled since 1993. Various data
from these wells were evaluated to construct the depositional facies models for the Abu Roash ‘‘C”
reservoir. The log analyses have been integrated with the core descriptions, and ditch cutting data to
interpret the depositional facies model that controlled the reservoir characteristics.
In Sitra Area the Abu Roash ‘‘C” Member exhibits all of the characteristics of the Shallow
Marine-Tidal dominated estuaries which are linked to the south with a ﬂuvio-marine environment,
the tide-dominated estuaries are represented in tidal channels and tidal ﬂat facies, march deposits,
and distributary mouth bars. The best reservoir rock in the Abu Roash ‘‘C”Member was deposited
as distributary channel ﬁll/Mouth bars that cut through the underlying strata.
Two major parasequences were identiﬁed, the ﬁrst lower one was developed during a shallowing
upward sequence represented by shale/sand intercalations into which the main Abu Roash ‘‘C”
reservoir sand bodies are included, and reached its end by the appearance of a laterally extended
coal marker nearly one meter thick. This parasequence was deposited subsequently to a falling
sea level phase which occurred after the deposition of Abu Roash ‘‘D” limestone. The succeeding
parasequence (deepening upward) reached its maximum ﬂooding surface (MFS) by the deposition
of the widely extensive shale marker being rich in pelagic Pelecypod shells.haradig
Figure
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Basin, Western Desert, Egypt, Egypt. J. PetThe resultant stratigraphic units consist of: genetically related depositional cycles (3 cycles) and
their components of facies sequences (5 facies types), each cycle has its own distribution, facies clas-
siﬁcation and reservoir characteristics.
 2016 Egyptian Petroleum Research Institute. Production and hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Recently, the most potentially exciting news of Oil and Gas
discoveries in Egypt is coming from the Western Desert region,
where several outstanding discoveries have been achieved since
only eighties [39].
Abu Gharadig Basin comprises many of the most produc-
tive oil and gas ﬁelds in the northern part of the Western
Desert [2]. In Badr El-Din Concession, oil and gas have been
produced until now from the Late Cretaceous (Cenomanian
- Turonian) Abu Roash C, D, E, F and G Members and from
the underlying Cenomanian Bahariya and Albian Kharita
formations.1 Location maps for Sitra dev
et al., Identify re-development concepts
rol. (2016), http://dx.doi.org/10.1016/j.eThe Badr El Din Petroleum Company (Bapetco) operates
the SITRA concession (50% Shell Egypt and 50% EGPC)
on behalf of Sitra petroleum Company (SiPetCo).
1.1. Location of the study area
The Sitra development lease is located in the Western Desert
and occupies the central western part of Abu El-Gharadig
basin and the southern extent of Badr EL-Din concession
(Fig. 1). Sitra ﬁeld has in total six stacked hydrocarbon reser-
voirs; four reservoirs are located in the Abu Roash Formations
in which three of them AR‘‘C”, AR‘‘E”& AR‘‘G” Upper are
oil bearing and one is gas bearing AR‘‘G” Lower. The last
two reservoirs are located in Bahariya Formations, the Upperelopment lease and our study area).
to enhance Abu Roash ‘‘C” oil reservoir productivity Sitra Area, Abu Gharadig
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Re-development concepts to enhance Abu Roash ‘‘C” oil reservoir productivity 3Bahariya is oil bearing while the Lower Bahariya is gas bear-
ing. Kharita reservoir is water bearing.
1.2. The main objectives of this study
➣ Integration between core data and Wireline logging data of
Abu Roash ‘‘C” to identify potentially bypassed HC inter-
vals that might be a way for additional reserves.
➣ Facies analyses and depositional model of Abu Roash ‘‘C”
member.
➣ Identify and evaluate alternative re-development concepts
for AR”C” oil reservoir through the redistribution of its
depositional Model and Facies analyses.
1.3. Previous work
The north Western Desert of Egypt attracted the attention of
several workers from the geological and hydrocarbon potential
viewpoints. Petroleum potentiality and petroleum systems of
the Western Desert have been studied by many investigators,
among them are [13,1,10,11,48,59,79,74,83,106,25,64,109,12,9
3,9,40,41,60,95,33,55,5,2,57,7,54,75,61,62,108], and [63,67,65].
The Upper Cretaceous sequences were the subject of numerous
studies since [90]. The surface outcrops at the Bahariya
Depression and Abu Roash District were considered the type
sections of the Cenomanian-Maastrichtian sequences. The dif-
ferent stratigraphic units of these surface and subsurfaceThe 3rd Cycle
Figure 2 Stratigraphic framework of the Abu Gharadig basin (Modiﬁ
Oil and Gas Fields, 1992; and O. Shaarawy, GUPCO in M. Abdel H
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Basin, Western Desert, Egypt, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.esequences were studied by [26,27,51,49,86,87,28,78,44,29,35,36],
among others.
The tectonic framework and structural setting of the north
Western Desert were studied and analyzed by many authors of
mention: [94,86,107,14,83,80,81,70,71], and [72,38,73,3,15,31],
and [32,45,66,105].
Previous studies on the Northern Western Desert relevant
to the regional integration of the present work include the
works of [11,3,104,4,23,43,46,56,42,106,77,6,50,37,30,76].
Cretaceous deposits are widely distributed in the subsurface
of the northern Western Desert of Egypt. Since these deposits
are major exploration targets for petroleum resources, a lot of
palynological work has been done on them e.g. [84,85,97–100,
103,101,102,82,8], and papers cited in [88,89,58].2. Geologic settings
2.1. Stratigraphic framework of Abu Gharadig Basin
The stratigraphic column in the northern part of the Western
Desert is thick and includes most of the sedimentary succession
from recent to Pre-Cambrian basement complex (Fig. 2). The
Sedimentary cover (i.e. the sequence of deposits overlying the
basement rocks) regionally thickens northwards, reaching
more than 35,000 ft. in the Abu Gharadig Basin, thinning to
some 10,000 feet over the Ras Qattara ridge which marks the
northern edge of the basin, [42]. Abu Roash Fm. 
ed from WEC Egypt, Schlumberger, 1984; EGPC Western Desert,
alim, EGPC, 1994).
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Figure 3 Major Geotectonic cycles, (EGPC, 1992).
4 H. Salama et al.The stratigraphic section consists of alternating deposi-
tional cycles of clastics and carbonates.
Five cycles have been recognized as follows:
1. The ﬁrst cycle of clastic facies dominates the oldest sedi-
mentary rocks and includes the entire Paleozoic and Lower
Jurassic formations.
2. A carbonate section of Middle and Upper Jurassic
formations.
3. The Third Cycle (second cycle of clastics) comprises the
Lower Cretaceous up to Upper Cretaceous Early
Cenomanian.
4. From Upper Cenomanian and up to the Middle Eocene,
dominant carbonate deposits are again distributed through-
out northern Western Desert.
5. The upper most clastic depositional cycle includes the
Upper Eocene–Oligocene, Miocene and younger section.Please cite this article in press as: H. Salama et al., Identify re-development concepts
Basin, Western Desert, Egypt, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.eThere is evidence over much of the Western Desert that the
upper boundary of the Abu Roash Formation is an unconfor-
mity. Abu Roash Formation thickens to the north and
becomes dominated by carbonates in the Mediterranean
coastal area.
It has Cenomanian to Turonian age, locally extending into
Coniacian and Santonian in the upper most units (‘‘A” and
‘‘B”). The Abu Roash Formation was deposited on a wide
shallow marine shelf during several sedimentary cycles, in
response to oscillation of the sea level. Transgressive phases
are marked by limestone and shale sequences, while regressive
phases are clastic dominated.
Fully Marine conditions persisted throughout the Late Cre-
taceous and the Paleogene. The Upper Cretaceous Abu Roash
and Khoman formations are characterized by a cyclic alterna-
tion of shallow water sandstones, neritic to deep-water Lime-
stones, and deep-water Shale. The transgressive/regressiveto enhance Abu Roash ‘‘C” oil reservoir productivity Sitra Area, Abu Gharadig
jpe.2016.04.003
Re-development concepts to enhance Abu Roash ‘‘C” oil reservoir productivity 5sedimentary cycles of the Abu Roash Formation are regionally
important and have been labeled the ‘‘A” Member, at the top,
through to the ‘‘G” Member at the base. The ‘‘A”, ‘‘B”, ‘‘D”,
and ‘‘F” Members are mainly composed of carbonates and
shale, deposited in a neritic environment, while the Abu Roash
‘‘C”, ‘‘E”, and ‘‘G” Members contain coastal plain, lagoonal,
and shallow marine sands and shales, together with some thin
limestones. All of these sands have potential reservoir quality,
and are Oil-bearing in several ﬁelds in Abu Gharadig Basin
[24].
The Abu Roash Formation has been divided into seven
units ‘‘A” to ‘‘G”, ‘‘A” was being the highest. Units ‘‘B”,
‘‘D” and ‘‘F” are relatively clean carbonates, units ‘‘A”,Figure 4 (A) Map of Egypt and southeast Mediterranean Sea showin
[Sestini, 1995]). (B) Basement tectonic map of North Western Desert
Please cite this article in press as: H. Salama et al., Identify re-development concepts
Basin, Western Desert, Egypt, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.e‘‘C”, ‘‘E” and ‘‘G” contain variable amounts of detrital mate-
rial. The Lower boundary is at the base of Abu Roash ‘‘G”
which rests on the Bahariya Formation. The upper boundary
of the Abu Roash is the base of the Khoman Formation or
of the Apollonia Formation, whenever the Khoman Forma-
tion is missing.
2.2. Tectonic framework
The tectonic evolution of northeast Africa has been extensively
described by numerous authors (including [86,72]). Several
continental plate collision phases are recorded between Pangea
mega segments of Laurasia and Gondwana throughout theg main structural elements and sedimentary basins (modiﬁed after
(after Meshreif, 1988).
to enhance Abu Roash ‘‘C” oil reservoir productivity Sitra Area, Abu Gharadig
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Fig. 4 (continued)
6 H. Salama et al.Phanerozoic [92]. Late Carboniferous to early Permian rifting
and crustal separation was the ﬁrst step in the break-up of
Pangaea with the opening of the Permo-Tethyan seaway and
the East Mediterranean Basins.
These were interrupted by extensional rift phases associated
with oceanic crust formation and ﬂooding of continental plate
margins. A further important factor was the sinistral or dextral
rotation of the Sahara/North African plate relative to Laura-
sia, which had a strong modifying effect on the local basinal
tectonic styles encountered in the northeast Africa and in par-
ticular the Western Desert.
Egypt lies at the northeastern corner of the African plate
and can be broadly divided into four structural divisions.
These are the Hinge Zone and Unstable Shelf in the north,
and the Stable Shelf and the Nubian/Arabian Cratons in the
south [86]. The Stable Shelf is a belt extending from southern
Egypt to a northern limit arriving as far as central Sinai. It is
characterized by low structural relief and with thin sedimen-
tary cover of ﬂuvio-continental deposits mainly of Mesozoic
age, deformed by several sets of regional folds [86]. The Unsta-
ble Shelf occupies almost all of the northern parts of Egypt,
characterized by a northward thickening sedimentary section
underlain by high basement relief due to block faulting. More-
over, it is characterized by surface tectonic features of lateral
stresses due to different compressional episodes such as Syrian
Arc folds in northern Sinai.
On the other hand, the Hinge Zone coincides nearly with
the present Mediterranean coastal area separating the unstable
shelf from the Miogeosynclinal basinal area. It causes a rapid,
basin wards thickening of Oligocene to Pliocene sediments.
Presently it is submerged and partially buried under thick
Plio- Pleistocene deposits in relation to the Nile Delta.Please cite this article in press as: H. Salama et al., Identify re-development concepts
Basin, Western Desert, Egypt, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.eOn the other hand, Egypt can be subdivided into ﬁve major
morpho-structural units (Fig. 4(A)). (1) the Mediterranean
Fault Zone, (2) a belt of linear uplifts and half-grabens, (3)
the North Sinai Fold Belt ‘‘Syrian Arc”, (4) the Suez and
Red Sea Graben, and (5) the intra-cratonic basins of southern
Egypt.
The Central portion of the Western Desert covers the tran-
sition zone between the Stable and the Unstable Shelves. Six
major geotectonic cycles or phases can be recognized in the
Phanerozoic in the Western Desert these are (Fig. 3):
1. Caledonian Cycle (Cambrian-Devonian)
2. Variscan-Hercynian (Late Paleozoic)
3. Cimmerian/Tethyian (Triassic- Early Cretaceous)
4. Sub-Hercynian-Early Syrian Arc (Turonian Santonian)
5. Syrian Arc main phase (Paleogene)
6. Red Sea Phase (Oligocene–Miocene)
Structurally, Abu Gharadig Basin is primarily extensional
in nature and is affected mainly by faulting. Folding is rela-
tively subordinate and is often related to movements on nearby
faults. Abu Gharadig anticline appears to be related to the
Syrian arc system, which is comprised of a series of NE–SW
trending folds that cross the entire unstable shelf of northern
Egypt. This system has been attributed to Late Cretaceous-
Early Tertiary NW–SE compression (normal to the folding
axis). The structural style of the Abu Gharadig anticline is pro-
posed to be the result of a regional east–west right lateral shear
couple. The structure is a northeast plunging asymmetric anticline
which has been cut by a series of northwest trending exten-
sional faults. These faults have dissected the ﬁeld into a num-
ber of separate reservoir blocks. [42,70–73] studied the tectonicto enhance Abu Roash ‘‘C” oil reservoir productivity Sitra Area, Abu Gharadig
jpe.2016.04.003
Figure 5 N–S Seismic (Trace 4618) passing through Sitra 8-29(Z) to the left, E–W Seismic (Line 1839) passing through Sitra 8-29(Z) to
the right (After BAPETCO Geophysics team, 2012).
Re-development concepts to enhance Abu Roash ‘‘C” oil reservoir productivity 7trends in northern Egypt using the potential data and sug-
gested several uplifted structures separated by ENE trending
basins. He concluded that the E–W and N 65 E (Syrian
Arc) trends are more developed in the northern Western
Desert (Fig. 4(B)). The northern anticlinal structures are
extended on-land at the extreme western portion of the north-
ern Western Desert. Southwardly, this trend is followed by the
Qattara-north Sinai uplift, Bahariya–Ataqa uplift and Nashfa-
Wadi Araba uplift.
3. Materials and methodology
3.1. Data set and data quality
U The available well data of only four wells in the study
area (Surface location coordinates (Red Belt system);
Deviation data; Log data (conventional logs and
calculated curves); and Formation tops).
U The available Electric logs (Gamma Ray, Density,
-Neutron, and Resistivity logs).
U 20 seismic lines (2D and 3D) as a hard copy.
U Available Geologic reports (Core reports, Biostrati-
graphic reports, ﬁnal well reports. . .etc.).Please cite this article in press as: H. Salama et al., Identify re-development concepts
Basin, Western Desert, Egypt, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.e3.2. Methodology
3.2.1. Geophysical data
The evaluation work was carried out within two phases
i. The ﬁrst phase: The evaluation work was carried out on
the PSTM processed 3D 2008 seismic data.
ii. The second phase: The evaluation work (more ﬁne-
tuned work) was carried out on the PSDM processed
3D (2010/2011) seismic data.
In the Sitra Area (like most areas in the Western Desert) the
seismic attributes are not a clear indicator of sand or hydrocar-
bon presence, though investigation should continue in support
of the subsurface analysis.
3.2.2. Geological data
3.2.2.1. Lithofacies analysis.
➣ Detailed lithologic description of the individual lithofacies
units identiﬁed on the core slabs with emphasis on litho-
logic composition, bed thicknesses, color, grain-size
arrangement patterns and degree of crystallinity for detrital
and authigenic components respectively, vertical grain sizeto enhance Abu Roash ‘‘C” oil reservoir productivity Sitra Area, Abu Gharadig
jpe.2016.04.003
Figure 6 Arbitrary line passing through Sit 8-29 and Sit 9-20 St. with more focusing on AR ‘‘C” seismic marker.
Figure 7 (A) A/R ‘‘C” seismic marker structure map (B) A/R ‘‘C” semblance map.(After the geophysics team in BAPETCO, 2014).
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Table 1 Available well data.
Well name Mud logs Electric logs Core data Image
data (BHI)
Sitra 8-1 ST2
p p p 
Sitra 8-17
p p p p
Sitra 8-20 ST
p p  
Sitra 8-29
p p  
Re-development concepts to enhance Abu Roash ‘‘C” oil reservoir productivity 9proﬁles, primary sedimentary structures, biogenic features
(body and/or traces), mineralogical aspects, bed contacts,
truncation events and/or erosional surfaces and hydrocar-
bon indications.
➣ Plotting of the above-mentioned data on working sheets at
a scale of 1:10. These sheets are then used in compiling sed-
imentologic log charts (scale 1:40) showing a graphical rep-
resentation of the various depositional aspects and
pertinent data plotted against the gamma-ray log of the
cored succession, routine core analysis data and plain-
light and ultraviolet-light photographs of the slabbed coreTable 2 Core data of the available wells.
Well name Core No. Cored interval without shift Core shift Recove
Top (mbdf) Bottom (mbdf)
Sitra 8-1B Core #1 2940.50 2959.00 6.5+ 100%
Core #2 2959.00 2977.00 6.8+ 100%
Sitra 8-17 Core #1 2837.17 2864.23 0.23+ 100%
Figure 8 The direct correlation between facies and a variety of oth
1992).
Please cite this article in press as: H. Salama et al., Identify re-development concepts
Basin, Western Desert, Egypt, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.esurfaces. These charts show the subdivision of the cored
successions into their component lithofacies with a text
description for each.
➣ The identiﬁed lithofacies suit is then used to diagnose the
depositional environment of studied succession and accord-
ingly to predict the geometry of the signiﬁcant lithofacies
units.3.2.2.2. Thin-section petrographic analysis. Petrographic inves-
tigation of blue dye-injected thin sections were prepared from
selected core chips and examined under a research-grade polar-
izing microscope. The investigation focuses on determining the
mineral composition, matrix and/or cement material, fabrics
and textures, porosity type(s) and degree of connectivity and
syn- and post-depositional modiﬁcations. On determining the
petrographic clans to which the analyzed samples belong, the
sandstone classiﬁcations and carbonate rock classiﬁcation
schemes were applied.
3.2.2.3. Scanning-electron microscopy (SEM). Scanning elec-
tron microscopy involves bombardment of gold-coated raw
surfaces of the rock specimens by low velocity electron beams
which upon reﬂection yield detailed surface morphology atry (%) Length Per Core Cored interval with shift Formation
Top (mbdf) Bottom (mbdf)
18.50 2947.00 2965.50 A/R ‘‘C”
18.00 2965.80 2983.80
27.06 2837.40 2864.46 A/R ‘‘C”
er log shapes relative to the sedimentological relationship (Cant,
to enhance Abu Roash ‘‘C” oil reservoir productivity Sitra Area, Abu Gharadig
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10 H. Salama et al.nanometer scale. SEMs are capable of obtaining images at
magniﬁcations over 100,000 times. These instruments can see
and then analyze something that would not show up with a
polarized-light microscope.
3.2.2.4. X-ray diffraction (XRD) analysis.
➣ This was carried out both for the bulk-samples and for their
clay fractions.
➣ For the bulk-sample examination, the samples were prelim-
inarily investigated under the binocular microscope for
determination of their gross characteristics and texture,
and were then X-rayed for determination of their gross
mineralogy.Sitra 8-29 : 
the largest sand thickness 
represent a blocky pattern of the 
main tidal channel coming from 
the north 
Sitra 8-20 ST:
a group of stacked channels 
represented by a fining upward 
and blocky patterns
S
a
in
Legend: 
AR"C" Top
                   AR"C" Shale Marker
                   AR"C" Coal Marker
AR"D" Top
Figure 9 Well logs from N to S respectively; reservoir in
Please cite this article in press as: H. Salama et al., Identify re-development concepts
Basin, Western Desert, Egypt, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.e➣ For the clay fraction examination, the clay fraction is pre-
pared through crushing a part of the bulk sample, plunging
it with water, letting it settle down and pipetting a part of
the suspension after certain period of time estimated so that
the suspended material is made up of less than 2 lm size.
This is the size that is richest in clay minerals with the pos-
sibility of co-existence of particles of other minerals.
3.2.2.5. Biostratigraphic analysis. The high resolution biostrati-
graphic analyses are based on the frequency and abundance of
the identiﬁed taxa supported the biozonation and environmen-
tal interpretation for the studied succession.itra 8-b ST2: 
 very clear fining upward pattern 
 the stacked channels 
Sitra 8-17 
Two types of deposition , a clear 
coarsening upward pattern 
represented by the deposition of 
the mouth bars at the lower part 
and fining upward pattern for the 
tidal channel above the coal 
marker 
terval lies under the AR ‘‘C” shale marker in all wells.
to enhance Abu Roash ‘‘C” oil reservoir productivity Sitra Area, Abu Gharadig
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Figure 10 Top Reservoir ARC Net Sand Map (this map show the trend of the main tidal channel which extends NW–SE.
Table 3 Petreophysical data and calculations.
Block No. Well
NAME
AR/C
Top
(TVDSS)
Bottom
(TVDSS)
Gross thickness
(m)
Net Sand
(m)
Net/
Gross
Porosity %
(Fig. 12)
Saturation SW
%
Sitra 8
block
Sit 08-1 St2 2750 2815 65 5 0.078 22% 45
Sit 08-20 St 2774.4 2854.8 80.4 20.5 0.255 17.6 16
Sit 08-29 2822 2910 88 31 0.352 19 10
Sitra 5
block
Sit 08-17 2771.9 2870 98.1 16 0.163 21% 48
Re-development concepts to enhance Abu Roash ‘‘C” oil reservoir productivity 114. Results
4.1. Seismic interpretation
The evaluation work (more ﬁne-tuned work) was carried out
on the PSDM processed 3D (2010/2011) seismic data. The seis-
mic interpretation was carried out for three horizons and well
to seismic matches were done using the Sitra 8 & SITRA 5
wells.
 Top Abu Roash ‘‘C”
 Intra Abu Roash ‘‘G” Limestone
 Top Alamein DolomitePlease cite this article in press as: H. Salama et al., Identify re-development concepts
Basin, Western Desert, Egypt, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.e‘‘Top A/R ‘‘C” reﬂector represents an acoustically hard to
soft transition (soft kick) and it is displayed on the workstation
as (positive) black loop”.
The AR‘‘C” channel sand in the northern part of the Sitra 8
structure reaches its maximum thickness at the Sitra 8-Z (29)
location. In the Sitra Area (like most areas in the Western
Desert) the seismic attributes are not a clear indicator of sand
or hydrocarbon presence, though investigation should con-
tinue in support of the subsurface analysis. Current under-
standing is that no direct hydrocarbon indicator from
seismic exists in the ‘‘Greater BED & Sitra” areas. The expla-
nation is attributed primarily to the quality of the seismic data
(Figs. 5 and 6).to enhance Abu Roash ‘‘C” oil reservoir productivity Sitra Area, Abu Gharadig
jpe.2016.04.003
12 H. Salama et al.4.2. Structural interpretation (incl. TD conversion)
Sitra development lease is dominated by a series of narrow
elongate East–West trending horsts and grabens. The known
hydrocarbon accumulations are trapped in the sandstone
reservoirs of the Bahariya and Abu Roash formations. The
Sitra 5 & 8 structure is adjacent to the large SIT 1-1/3-1
WNW to ESE plunging structural nose. The NW–SE trending
orientation of the Sitra 5 & 8 closure and faults is very similar
to the main structural trends observed in the area. At A/R ‘‘C”
level the Sitra 5 & 8 closure is bounded and dissected by several
NW-SE trending faults resulting in an accumulation with sev-
eral (isolated) compartments as shown in (Fig. 7).Porosity Determination                                                                                    Water Saturation 
Formation Rw m n 
AR_C 2.67 0.8 0.043 2 2 
• Archie’s model is used for hydrocarbon 
saturation calculation. Density-porosity and deep 
resistivity are used as input for Archie's model 
using the following equation. 
: Formation water resistivity : Deep 
resistivity
m: Cementation exponent      n: Saturation 
exponent
• Porosity was determined based on the density log using the following 
model:  
; Matrix density ; Fluid density 
; Bulk density
Net Sand Deﬁnion; The method used to deﬁne the net  sand  is neutron-density crossover, manual picking was also used for sand 
intervals based on other logs like PEF (Photo-Electric Eﬀect) and well cungs due to encountered high washouts. The Sitra 5 area represents the crestal part of the Sitra 5/8
structure. However, the hydrocarbon distribution and contacts
observed in both the Sitra 5 and 8 ﬁelds suggest that the two
accumulations are separated by the NW–SE trending North
dipping fault [22].4.2.1. Sitra 1 & 3 field
The Sitra 1 and Sitra 3 ﬁelds were evaluated using the Pre-
stack Time Migrated data as a 3-way dip closure bounded to
the south by a WNW-ESE trending fault. There is no crestal
penetration at the at A/R ‘‘C” level (Sitra 3-1 faulted out)
and crestal appraisal is required [22].4.3. Depositional environment and facies classification
In this study four wells have been chosen and evaluated based
on the main depositional direction in the area (NW–SE), and
for more accurate results two of these wells have cores in the
Abu Roash ‘‘C” member (Sitra 8-1 ST2 and Sitra 8-17).
The depositional environment and conceptual model of the
A/R ‘‘C” in Sitra Area were derived from cored intervals and
Well logs of the available wells (Table 1).
4.3.1. Core data
(Table 2).Please cite this article in press as: H. Salama et al., Identify re-development concepts
Basin, Western Desert, Egypt, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.e4.3.2. Wireline logging data
4.3.2.1. Well logging analysis. The following illustration is used
for the facies interpretation from well logs (Fig. 8) [96].
GR and NEU/DEN wireline logs show that sand chan-
nels have a sharp erosive base and have a blocky (clean
sands) or ﬁning upward pattern (possible channel abandon-
ment) in case of tidal channels with locally serrated shape
(more heterolithic), and a coarsening upward pattern in case
of deposition of the distributary mouth bars (Sitra 8-17).
(Fig. 9). After interpreting the top and base of AR‘‘C”
member a net sand map was constructed to show the net
sand thicknesses in the area and the trend of the deposition
(Fig. 10) [16,18–20].
4.4. Petrophysical evaluation4.4.1. Petrophysical calculations
(Table 3).
4.4.2. Permeability estimation
The permeability was estimated for the A/R ‘‘C” based on the
available core data in SITRA Area in A/R ‘‘C”,
A/R ‘‘C”
The permeability was estimated based on the core data in
well SIT8-1B. Log derived permeability calculated in this
way was found over estimated comparing with the production
data. Three sand facies were deﬁned (see Fig. 11) and based on
these facies three transforms were deﬁned and used to estimate
the permeability.
4.4.3. Petrophysical properties and results
Sums and averages have been calculated using methodology
discussed above in addition to below comments:
➣ Net sand counts are based on a lithology (VSH) cut-off
only (VSH cut-off of 50%). Cemented intervals have
been eliminated (manually) based on neutron/density
cross-over (to decrease the uncertainty of (net/gross)
ratio). No other cut-off for porosity and saturation
has been applied for the net PAY deﬁnition. Net pay
is deﬁned using an additional water saturation cut-off
of 50%.to enhance Abu Roash ‘‘C” oil reservoir productivity Sitra Area, Abu Gharadig
jpe.2016.04.003
Figure 11 Por-Perm relationship per facies of ARC in well sitra 8-1B.(Facies 1: clean sands (massive/cross bedded), Facies 2:
heterolithic/shaly facies.
Table 4 Sums and averages for Abu Roash ‘‘C” member.
ARC Thickness type Sum Ave. P10 P50 P90
Gross thickness 331.5 82.875 65 81.6 98.1
Net sand 71.5 17.875 5 18 31
Figure 12 Abu Roash ‘‘C” Porosity map.
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Figure 13 Summery log of the cored intervals Core No. 1 to the left and core No. 2 to the right.
14 H. Salama et al.➣ Net reservoir is calculated mainly based on
Vsh < 50% to be considered as reservoir, in addition
to removal of invalid data against the washout
intervals.
➣ Net Pay is calculated using Sw < 50%.
➣ Sums and averages for Abu Roash ‘‘C” member are
given in Table 4.
➣ Porosity distribution in the study area (Fig. 15).4.5. Facies classification
The study of tidal processes and modern and ancient tidal
depositional systems has resulted in a comprehensive suite of
diagnostic criteria for the recognition of tidal deposits, partic-
ularly at the scale of primary sedimentary structures, bedding
styles and facies characteristics, including their biological
aspects (e.g. [91,69]; for historical reviews).
From the detailed analysis of the Cored intervals of Abu
Roash ‘‘C” member we can easily classify this formation into
a number of facies depending of the lithological combinations,
primary structures, and biological contents.4.5.1. Sitra 8-1 ST2:[16,21]
The examined samples from Bapetco’s Sit 8-1B well core No. 1
(2940.5–2959 mbdf) and core No. 2 (2959–2977 mbdf) are
composed of siliciclastic rocks (sandstone, mudstone andPlease cite this article in press as: H. Salama et al., Identify re-development con
Basin, Western Desert, Egypt, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1cepts
016/j.eshale) with thin carbonate interbeds near the base. The section
includes the Oil-bearing sandstones at depth 2955–
2965.95 mbdf of the Abu Roash ‘‘C” Member that represents
the tidal channel cutting in the underlying lagoonal to tidal ﬂat
shales.
The oil bearing interval could be subdivided into a lower
potential oil bearing reservoir (2959.6–2965.95 mbdf), overlain
by tight, less potential argillaceous sandstones with scattered
oil saturations.
The potential oil bearing sand stone reservoir is character-
ized by good to excellent reservoir quality. It has a measured
helium porosity in the range between 17.1% and 25.1%, aver-
age 22%, and a measured permeability, H.K. 10.9–1269 mD
with an average 450 mD and V.K. 2.28–1012 mD, with an
average 363 mD. The petrophysics parameters are getting bet-
ter with depth in the oil bearing sandstone.
The non-potential reservoir has a lower porosity, ranging
between 13.7% and 14.6%, average 14%, measured horizontal
permeability between 0.14 and 5.52 mD, average 3.22 mD and
a vertical permeability 0.17–2.58 mD with an average 1.08 mD.
The noticeable permeability decrease is due to the increase in
argillaceous matrix, mud streaks and the thin laminations of
the sandstone body.
The cored intervals represent a complex domain of shal-
low marine intertidal facies, partly emerged to marsh condi-
tions which was marked by the accumulation of a thin coal
marker.to enhance Abu Roash ‘‘C” oil reservoir productivity Sitra Area, Abu Gharadig
jpe.2016.04.003
Figure 14 Facies classiﬁcation according to the cored interval of Abu Roash ‘‘C” in (Sitra 8-1 ST2) well.
Table 5 Abu Roash ‘‘C” member Facies classiﬁcation.
Facies Lithology Thickness (m) Environment Comment
5 Shale/Limestone/Siltstone 35 Marine Deepening Upward
4 Very ﬁne sandstone 5 Tidal ﬂats Burrows, ﬂaser bedding, mud cracks
3 Coal 1 Swamp/Marsh
2 Sandstone 10 Tidal Channels/Mouth bars Main Reservoir Good Reservoir Quality
1 Shale/Silt/Oolitic shoals 24 Lagoon/Brackish bay Brackish water
Tasble 5-Sedimentological characteristics of the Abu Roash ‘‘C”member (according to Bayoumi, 1994) Thichnesses are taken from well Sitra 8-
1 ST2.
Re-development concepts to enhance Abu Roash ‘‘C” oil reservoir productivity 15Three main depositional cycles are recognized. These are
from base to top (Figs. 13 and 14).
 Cycle 1: Carbonate/mudstone/shale capped by a major
truncation surface (2977–2965.95 mbdf).
 Cycle 2: Channel sandstone (oil bearing)/shale and termi-
nated by a coal bed.
 Cycle 3: Sandstone and shale (upper limit is incomplete)
(2951.35–2940.5 mbdf).
Six depositional environments are encountered from base
to top as follows:Please cite this article in press as: H. Salama et al., Identify re-development concepts
Basin, Western Desert, Egypt, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.e Oolitic ramp margin i.e. shoals (base of Cycle 1).
 Back lagoon to shallow subtidal regime (Facies A and C)
 Tidal channel (Facies A1) and low tidal sand ﬂat (Facies A2)
 Marsh (Facies D), end of Cycle 2.
 Strand beach or wash over fan (Facies A) middle part of
Cycle 3.
 High tidal ﬂat (muddy facies) at the end of Cycle 3.
4.5.1.1. Facies scheme. The examined cores revealed the dom-
inance of siliciclastics with subordinate carbonate facies.
Minor occurrence of coal streaks and one bed are also present.to enhance Abu Roash ‘‘C” oil reservoir productivity Sitra Area, Abu Gharadig
jpe.2016.04.003
Figure 15 Schematic Depositional model for Abu Roash ‘‘C” Member derived from Sitra 8-1 ST2 core description.
Table 6 Interpretation of the lithofacies analysis and depositional environment.
Lithology Type Lithofacies Code Explanation
Coal C Coal
Conglomerate Gms Matrix-supported conglomerate
Sandstone Sm Massive Sandstone
Shl Flat Laminated Sandstone
Sb Bioturbated Sandstone
Swf Wavy Laminated Sandstone with Mud Flasers and/or Drapes
Swf(b) Wavy Laminated Sandstone with Mud Flasers and/or Drapes,
Partly Bioturbated
Sxl(p) Planar Crossbedded Sandstone
Sxl(p, hb) Planar to Herringbone Cross-Laminated Sandstone
Shale Mmc Compacted Massive Mudstone
Ml Laminated Mudstone
Mb Bioturbated Massive Mudstone
Sandstone/ Mudstone Heterolithics HS Sand-Dominated Mudstone/Sandstone Heterolithics
HSw Wavy-Laminated, Sand-Dominated Sandstone/Mudstone Heterolithics
HMw(b) Wavy-Laminated, Mud-Dominated Sandstone/Mudstone Heterolithics,
Partly Bioturbated
HM Mud-dominated heterolithics
16 H. Salama et al.The siliciclastic rocks are differentiated into three main lithofa-
cies types as follows:
Facies A: It is generally composed of sandstone mostly of
ﬁne sand, massive - thinly laminated, rippled partly cross lam-
inated and/or bioturbated and occasionally of ﬁning upward
nature. Scour and channel features occur in which rip-up
mud clasts and chips are included. It is characterized by suit-
able porosity and permeability properties with oil saturationsPlease cite this article in press as: H. Salama et al., Identify re-development concepts
Basin, Western Desert, Egypt, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.ein the slightly cemented intervals. Two types could be distin-
guished as A1 and A2 according to the predominant sedimen-
tary structures.
Facies B: This is made up of interbeds of sandstone and
shale with small scale migrated ripples, slightly bioturbated
with nodular pyritized mudstone concretions.
Facies C: Consists of shale with mudstone, of shallow
marine to lagoonal environment, fossiliferous, glauconitic withto enhance Abu Roash ‘‘C” oil reservoir productivity Sitra Area, Abu Gharadig
jpe.2016.04.003
Table 7 Petrographic, SEM & XRD studies, Sitra 8-17 for Abu Roash ‘‘C” Member.
Depth
m
Lithology (see Table 8, Fig. b) Thin section (see
Table 10, plate
5.3 & 5.5)
Minerals present (see
Table 8, Fig. b)
Clay
fraction
SEM (see Table 9, plate 6.4 & 6.5)
2848.4 Oﬀ-white sandstone, ﬁne grained,
positive acid reaction
(2848.3) Silty
ﬁne grained
Sandstone
Quartz = 94%,
Calcite = 2%,
Kaolinite = 4%
100%
Kaolinite
Quartz grains, mostly corroded, set
in clay matrix with few pyrites. Open
unconnected micropores
2849.5 Light gray to creamy sandstone, ﬁne
grained, muddy, calcareous, poor
visual porosity
(2849.2)
Degraded
glauconitic
micritic
Sandstone
Quartz = 59%,
Albite = 5%,
Kaolinite = 10%,
Calcite = 25%,
Illite = 1%
90%
Kaolinite
10%
Chlorite
Fine grained quartz & feldspar set in
a clayey matrix. Generally poor
porosity and local good porosity
2856.2 Light yellow compact ﬁne grained
sandstone, non-calcareous
(2855.5) Fine
grained
Sandstone
Quartz = 70%,
Albite = 8%,
Kaolinite = 20%,
Illite = 2%
100%
Kaolinite
Tr
Chlorite
Rounded & corroded quartz grains
set in clay with unconnected
micropores. Pyrite framboids
2859 Fine grained, friable sandstone, non-
calcareous, good visual porosity.
Similar to 2864 m depth sample but
friable
(2859.5) Fine
grained
Sandstone,
stylolitic
Quartz = 90%,
Albite = 6%,
Kaolinite = 4%
100%
Kaolinite
Quartz with silica overgrowths and
some corroded, with open connected
micropores. Good porosity
2860.5 Fine grained, friable sandstone, non-
calcareous, good visual porosity.
Similar to 2864 m depth sample
(2860.8)
Feldspathic
Sandstone,
glauconitic
Quartz = 91%,
Albite = 5%,
Kaolinite = 4%
100%
Kaolinite
Quartz with silica overgrowths &
some corroded. With sealed grain
boundaries. Good open micropores
2864 Yellow sandstone, ﬁne grained quartz
grains and few opaques, non-
calcareous, coaly partitions
Not available Quartz = 92%,
Albite = 3%,
Kaolinite = 5%
100%
Kaolinite
Quartz grains with silica
overgrowths. Open micropores, some
are ﬁlled with well-developed
kaolinite books
Re-development concepts to enhance Abu Roash ‘‘C” oil reservoir productivity 17nodular and concretionary iron minerals (pyrite and/or
siderite). It has parallel, thin laminations and is occasionally
massive. (Table 10, plate 33-1).
Facies D: Carbonate facies at the base of the siliciclastic
succession represents the shallow marginal marine, possibly
the oolitic shoals. It represents a small scale ﬁning and thinning
upward character toward the overlying shales of Facies ‘‘C”.
These are carbonate type (may be of the Abu Roash D mem-
ber) and not related to Abu Roash ‘‘C” member.
The Coal is, almost of marsh facies, partly ﬁssile, pyritic
with preserved plant tissues.
4.5.1.2. Cyclicity pattern. The main cyclicity pattern of the
examined cores and their vertical facies development are pre-
sented. The siliciclastic facies demonstrates the dominance of
sandstone sequence of different environments varying from
tidal channel to washover of tidal complex. The sandstone
Facies A, show well deﬁned truncation and scouring features
with the underlying shales of Facies C. the lithofacies analysis
could distinguish three main sedimentary cycles of which the
middle one includes the Oil-bearing sandstone reservoir. The
depositional cycles are arranged from base to top as follows:
Cycle 1: (2965.95–2977 m) (Table 11, plate 27)
It is composed of Facies C together with minor occurrence
of Facies A and B. Oolitic fossiliferous carbonate facies are
developed at the lower part of the cycle that could reﬂect a dee-
per environment during the shoaling conditions (may be
related to Abu Roash ‘‘D”). Molluscan shell remains and bio-
turbations with common modular forms are the main biogenic
and physical features. The shales are almost phosphatic, partly
glauconitic and show thin lamination structures. This major
cycle includes several minor cycles which generally exhibitPlease cite this article in press as: H. Salama et al., Identify re-development concepts
Basin, Western Desert, Egypt, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.ethe ﬁning upward nature of the sediments. The shale facies
dominates the other lithologies exceeding 85% of the total
content. The shales represent a shallow subtidal lagoonal facies
that overlies the oolitic shoals belts during the lowering of the
sea level. Two sub-cycles could be distinguished.
Cycle 2: (2951.35–2965.95 m) (Table 11, plate 23)
The cycle represents a more or less complete sequence of
ﬁning upward facies types A, B, C, and D. The lower sand-
stones represent the incision event of the tidal channels. Two
main types of Facies ‘‘A” are distinguished according to the
predominant sedimentary structures as follow:
Facies ‘‘A1” 2959.6–2965.95 m
Massive oil bearing sandstone, thin laminated with occa-
sional carbonaceous detritus and very thin coal streaks of mil-
limetric scale. Rip-Up mud lithoclasts are present at the base
of the channel. Faint trough cross-bedding and migrating rip-
ples are occasionally present. The ﬁne sand grade is the dom-
inant grain size. Two truncation surfaces are seen in the upper
part.
Facies ‘‘A2” 2954.9–2959.6 m
Ripped sandstone with common migrating ripples are
recorded at the lower part together with wavy and thin lamina-
tions of silty shale streaks (<10 cm thick each). The upper
boundary is characterized by complicated truncations. Re-
activation surfaces are also seen denoting the alteration of
the dominant tidal (constructional) phase and subordinate
(destruction) phase. Weak oil shows are recorded in these
sandstones.
Facies ‘‘B” and ‘‘C”
These are represented at the upper part of the second
cycle where sandstone/shale and shale facies are successively
developed. They represent the lowering phase of the sea levelto enhance Abu Roash ‘‘C” oil reservoir productivity Sitra Area, Abu Gharadig
jpe.2016.04.003
Table 8 X-ray Diffraction Analysis (XRD).
18 H. Salama et al.where low tidal sand ﬂat is followed by the high tidal ﬂat muddy
facies. The complete restriction leads to the development of
coastal marshes where a thin coal seam of peat category was
developed (Facies D), to terminate the second cycle.
Cycle 3: (2940.5–2951.35 m) (Table 11, plate 10)
The lower part of this cycle represents an event of rapid rise
of ﬂuctuating sea level to develop the non fossiliferous sand-
stone and shale sequence of Facies B. This was followed by
a highly fossiliferous, bioturbated sandstone from 2943.7 to
2947.4 m of Facies A, which reﬂects a low tidal domain of
either strand beach or washover fan facies. Minor sandy mud-
stone interbeds of Facies C were developed with common shell
fragments and bioturbations that denote the possible lowering
phase of sea level near the end of this cycle and the dominance
of tidal mud ﬂat facies.Please cite this article in press as: H. Salama et al., Identify re-development concepts
Basin, Western Desert, Egypt, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.eNotice: Facies classiﬁcation in Table 5 and Facies scheme
Fig. 15.4.5.1.3. Sitra 8-1 ST2 petrographic analysis.
➣ The sandstone petrography indicates the dominance of
quartzarenite facies with slight carbonate cement, essen-
tially in the oil bearing zone. The differential dissolution
of cement enhanced the development of open and con-
nected intergranular pores (Plate 58-a&b); the process
might be due to the action of the acidic connate water
accompanied by oil migration.
➣ Green glauconitic sandstone is dominated in the mudstone
(Facies B) of Cycle 1 with subordinates of phosphatic pel-
lets, clasts and minor shell fragments.to enhance Abu Roash ‘‘C” oil reservoir productivity Sitra Area, Abu Gharadig
jpe.2016.04.003
Table 9 Scanning electron microscope analysis (SEM).
Re-development concepts to enhance Abu Roash ‘‘C” oil reservoir productivity 19➣ The XRD analysis of the clay mineral fractions revealed the
dominance of a kaolinite and montmorillonite in the shales
of the lower cycle with an apparent increase of glauconite
mineral in the middle part. The middle cycle that includes
the potential sandstone reservoir is characterized by the
dominance of kaolinite with subordinate illite in its clay
mudstone fractions (Table 8). The upper sedimentary cycle
is characterized by kaolinite and illite mineral association
with subordinate montmorillonite (about 2%). In the
component clay fraction, brushite appears as a monoclinicPlease cite this article in press as: H. Salama et al., Identify re-development concepts
Basin, Western Desert, Egypt, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.emineral having the formula CaH(PO4)2H2O. This mineral
is widespread in small amounts in continental phosphate
deposits.(Table 8, ﬁg. a).
➣ The signiﬁcant ﬁllings are siderite, pyrite and kaolinite.
➣ The intergranular pores in the oil bearing sandstone
are partially ﬁlled with laminated kaolinite which permits
a certain degree of pore connectivity. (Table 9, plate
58-a&b).
➣ The silica overgrowths are developed in multistage that
show a well-deﬁned zoned pattern.to enhance Abu Roash ‘‘C” oil reservoir productivity Sitra Area, Abu Gharadig
jpe.2016.04.003
Table 10 Thin Section Analysis).
20 H. Salama et al.➣ The ﬁne grained sandstones are well sorted and have equal
pore spacing (Table 10, plate 44-1,2).
➣ The palynologic analysis yielded a rich insoluble organic
residue with a poor palynomorph content and high fre-
quency of terrestrial plant tissues. Three palynofacies asso-
ciations have been identiﬁed as follows from base to top.Please cite this article in press as: H. Salama et al., Identify re-development concepts
Basin, Western Desert, Egypt, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.eA. Shallow marine tidal ﬂat including Cycle No.1 and
No.2.
B. Restricted marsh around the coal marker at the top of
Cycle No.2.
C. Lacustrine to lagoonal restricted domain covering cycle
No.3.to enhance Abu Roash ‘‘C” oil reservoir productivity Sitra Area, Abu Gharadig
jpe.2016.04.003
Table 11 Core analysis.
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Figure 16 Standard Lithofacies scheme for Siliclastic Sequences.
22 H. Salama et al.The Foraminiferal examination could indicate the Ammo-
marginulina ovoidea zone of Turonian age at 2967.5–2977 m,
in core No. 2.
4.5.2. Sitra 8-17 ARC cored interval:[17,18]
The same cyclicity pattern for Sitra 8-1B well could be also
concluded from Sitra 8-17 core description but with difference
in facies distribution.
a. Description
Interval: 2837.40–2864.46 mbdf.Please cite this article in press as: H. Salama et al., Identify re-development concepts
Basin, Western Desert, Egypt, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.eAge: The Interval from 2838 to 2852.5 m is dated as Late
Cretaceous (Turonian) and suggesting Abu Roach ‘‘C” based
on the occurrence of the Small Ephedripites< 30 lm and For-
aminifera Discorbis spp. & Arenaceous forams.
Interpreted Genetic Units:
➣ Sandy and Muddy Tidal Flats (Cycle 3).
➣ Tidal channel (Cycle 3).
➣ Swamp (Cycle 2).
➣ Distributary Mouth bars (Cycle 2).
➣ Bay Muds (Cycle 1).to enhance Abu Roash ‘‘C” oil reservoir productivity Sitra Area, Abu Gharadig
jpe.2016.04.003
Re-development concepts to enhance Abu Roash ‘‘C” oil reservoir productivity 23Lithofacies Expected Geometry:
Tidal ﬂats: sheet-like parallel to paleo-shoreline.
Channel/mouth bar complex: bars normal to paleo-
shoreline.Interval Lithology Lithofacies designation Description
2837.2 – 2848.1m Shale Ml, Mb Hard, compact, ﬂat laminated, commonly bioturbated, with pelagic pelecypods
at the upper levels, with localized calcareous veinlets, and occasional pebble-size
calcareous concretions and clasts, locally silty or very ﬁne sand sized showing
planar cross lamination, locally rippled, variably calcareous
2848.1–2848.65 m Sandstone Sx(p), Sb Medium-grained, ﬂat to cross-laminated, burrowed, non-calcareous, with
pistachio green ﬂuorescence
2848.65–2849.0 m Sandstone Sm, Sb, Mmc Medium-grained, massive, burrowed, interbedded with Shale: thinly laminated,
with occasional sandstone lithoclasts and sideritic bands at the bottom
2849.0–2851.1 m Sandstone Shl, Swf, Sxl Fine to medium-grained, wavy to ﬂat laminated partly cross-bedded, with
occasional mud drapes and ﬂasers, lithoclasts and ferruginated laminae,
variably calcareous, highly oil-stained at the middle part
2851.1–2851.60 m Shale Mmc, Shl, HSw Blocky to sub-blocky, non-calcareous, intercalated with ﬁne to medium grained
ﬂat-laminated Sandstone, and wavy laminated sand-dominated Heterolithics
2851.6–2852.1 m Coal: C Medium hard to brittle, massive to slightly laminated
2852.1–2853.8 m Shale Mmc Blocky to sub-blocky, non-calcareous with occasional ferruginated concretions
and lithoclasts
2853.8–2854.96 m Sandstone Swf(b), Mmc, HMw(b) Fine to medium-grained, wavy-laminated with mud drapes and ﬂasers, with
occasional burrows and ferruginated concretions, intercalated with blocky to
sub-blocky non-calcareous Shale and mud-dominated, wavy-laminated
occasionally burrowed Heterolithics bottomed by pebble-size sandstone clasts
2854.96–2864.20 m Sandstone Shl, Sx(p, hb), Swf Fine to medium-grained, ﬂat to cross-stratiﬁed, locally herring-bone cross-
laminated, wavy ﬂasers and mud-drapes are presents at some intervals, with
scattered dark colored lithoclasts near the top, and burrows and cracks at the
base, non-calcareous. The sandstone shows coarsening upward grain-size
patternBiostratigraphic analysis
Foraminiferal analysisP
BInterval
(m)lease cite this
asin, WesternBiozonearticle in press as: H. Salam
Desert, Egypt, Egypt. J.Agea et al., Identify r
Petrol. (2016), httRock unit2838 m–
2852 mDiscorbis spp. &
Arenaceous foramsMiddle
TuronianPossible Abu
Roash (C)3244.6 m–
3253.4 mBarren Undetermined UndeﬁnedPalynological analysis:
Core samples 2851.31 & 2852.5: Turonian
Marker species: Small Ephedripites< 30 lm.
Assemblage: Tricolpites sp., Liliacidites sp., Inaperturopol-
lenites sp., Cyathidites minor, Gabonisporites sp., and Cycado-
pites sp.
Age: Turonian
Paleoenvironment interpretation:
It is a rich yellow brown phytoclasts with high percentage
of amorphous organic matter (AOM). The palynoﬂoras
recorded from this sample are dominated by terrestrial sourced
miospores. This type of palynofacies, beside the common
occurrence of fresh water algae (Pediastrum algae) reﬂectse-development concepts
p://dx.doi.org/10.1016/j.edeposition within shallow water condition subjected to consid-
erable clastic inﬂux terrestrial source.
b. Lithologic descriptionc. Interpretation of the lithofacies analysis and deposi-
tional environment (Table 6) and Fig. 16.
d. Sitra 8-17 Petrographic, SEM and XRD Analysis
Table 7.
e. Depositional Environment Interpretation from the Well
Sitra 8-17.
The depositional setting of the studied intervals is an
example of the tide-dominated estuaries, where Abu Roash
‘‘C” Member was deposited in two depositional settings;
the ﬁrst one is the tidal dominated environment from the
northern direction includes Tidal channel, tidal bar and tidal
ﬂat sands and are associated with brackish water mudstone,
tidal ﬂat mudstone, coal fragments and coaly shale. This is
clearly identiﬁed from the log character of the Sitra 8-1
ST2 well.
The second depositional setting is the ﬂuvial deposits repre-
sented by the distributary mouth bars (Coarsening upward
pattern) coming from the south, and it is clearly identiﬁed
from the log character of the Sitra 8-17 well (Fig. 17).
The identiﬁed lithofacies types could be grouped into a
number of closely related lithofacies associations indicative
of corresponding genetic units, namely:to enhance Abu Roash ‘‘C” oil reservoir productivity Sitra Area, Abu Gharadig
jpe.2016.04.003
Fining Upward paern in the dal 
channel part
Coarsening Upward paern in the 
Mouthbar campelx lower part
Figure 17 The Core Log for Sitra 8-17 well showing different diagenetic units and facies distribution.
24 H. Salama et al.➣ Sandy and Muddy Tidal Flats
➣ Swamp
➣ Tidal channel
➣ Distributary Mouth bars
➣ Bay Muds
From the Routine Core analyses of this well we found a
great difference in reservoir behavior and the petrophysical
parameters of the 2 parts of this reservoir (the tidal channel
and the mouthbars).P
BTidal channel
sandstonelease cite this article
asin, Western DeserInterval: 2849.13–
2851.08 min press as: H. Salama
t, Egypt, Egypt. J. PetAverage H.
Permeability = 1.6 mD
Average V.
Permeability = 1.36 mD
Helium Porosity = 9.4%Mouth bars
sandstoneInterval: 2855.02–
2864.03 mAverage H.
Permeability = 383.91 mD
Average V.
Permeability = 265.7 mD
Helium Porosity = 21.8%4.6. Analyses results
4.6.1. X-ray Diffraction Analysis (XRD) (Table 8)
4.6.2. Scanning Electron Microscope Analysis (SEM) (Table 9)
4.6.3. Thin Section Analysis (Table 10)
4.6.4. Core Analysis (Table 11)5. Discussion
From All detailed analysis (lithological, sedimentological, and
Petrophysical) especially after combination of Sitra 8-1 ST2
cored data with the other cored intervals of Abu Roash ‘‘C”et al., Identify re-development concepts
rol. (2016), http://dx.doi.org/10.1016/j.efrom the well Sitra 8-17 we can conclude the following about
ARC member:
Age: Late Cretaceous (Turonian time)
From the Interpretation of AR‘‘C” member Genetic
Units:
3 depositional cycles differ from each other in Facies classi-
ﬁcation, distribution and reservoir characterization.
In Sitra Area: two major parasequences were identiﬁed, the
ﬁrst lower one was developed during a shallowing upward
sequence represented by shale/ sand intercalations into which
the main Abu Roash ‘‘C” reservoir sand bodies are included,
and reached its end by the appearance of a laterally extended
coal marker nearly one meter thick. This parasequence was
deposited subsequently to a falling sea level phase which
occurred after the deposition of Abu Roash ‘‘D” limestone.
The succeeding parasequence (deepening upward) reached its
maximum ﬂooding surface (MFS) by the deposition of the
widely extensive shale marker being rich in pelagic Pelecypod
shells.
The resultant stratigraphic units consist of: genetically
related depositional cycles (3 cycles) and their components of
facies sequences (5 facies types), each cycle has its own distri-
bution, facies classiﬁcation and reservoir characteristics.
(Fig. 18 for Line of Section (1) and Fig. 19 for Line of
Section (2)).
As mentioned in the published literature ‘‘tidal depositional
systems remain the least well understood compared with their
ﬂuvial-dominated and wave-dominated counterparts. As a
consequence, facies models for tidal depositional systems have
remained more uncertain, partly because of the difﬁculty of
separating local variability from the broader generic aspects
(e.g. [34]). Even where a tidal depositional setting is interpreted
with conﬁdence from facies-scale observations, often it is not
clear whether, for example, the deposits were part of a trans-
gressive estuarine depositional system or, instead, part of a
regressive, tide-dominated delta system”. Both areas accumu-
late similar facies but the larger scale architectural styles andto enhance Abu Roash ‘‘C” oil reservoir productivity Sitra Area, Abu Gharadig
jpe.2016.04.003
Figure 18 SE–NW Correlation panel (Line of Section 1) representing the depositional environment and facies change of Abu Roash ‘‘C”
deposited during the Turonian Time. (the main tidal channel path from the NW direction clearly represented in Wells Sitra 8-29 and ended
somewhere after Sita 8-20 ST to meet the path of the Fluvial source coming from the SE direction clearly represented by the mouth bars in
the Sitra 8-17 well).
Re-development concepts to enhance Abu Roash ‘‘C” oil reservoir productivity 25facies trends are different. And before jumping to a conclusion
for the AR”C” depositional environment lets show the follow-
ing illustrations (Fig. 20) [68].
[52], deﬁned an estuarine sequence as ‘‘a complex of inter-
tidal and shallow subtidal, mostly channel-form intracoastal
facies dominated to some extent by tidal processes exhibiting
conspicuous variations in sediment texture, composition, and
provenance, and in physical and biogenic sedimentary struc-Please cite this article in press as: H. Salama et al., Identify re-development concepts
Basin, Western Desert, Egypt, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.etures”. The depositional environments comprising this com-
plex of facies may encompass any number (or all) of the
following: tidal channels, tidal deltas, inlets, shoals, back-
barrier beaches and spits, washover fans, swash and point
bars, tidal ﬂats, marshes, and stream banks [106].
After the detailed results and discussion, we can easily iden-
tify two different depositional settings in our study area which
resulted from calibration of all data with the logging analyses.to enhance Abu Roash ‘‘C” oil reservoir productivity Sitra Area, Abu Gharadig
jpe.2016.04.003
Figure 19 NW–SE Correlation panel(Line of Section 2) (representing the main tidal channel in Sitra 8-29 well with the maximum
thickness of 30 m sand and a distributary tidal channel in sitra 8-1 ST2 emerged from the main channel as shown in this correlation panel).
26 H. Salama et al.The Abu Roash ‘‘C” member exhibits all of the charac-
teristics of the Shallow Marine-Tidal dominated environ-
ment which linked to the south with a ﬂuvial system
during Turonian time, the tidal dominated system are
clearly identiﬁed and represented in tidal channels and tidal
ﬂat facies, march deposits, and distributary mouth bars. ThePlease cite this article in press as: H. Salama et al., Identify re-development concepts
Basin, Western Desert, Egypt, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.ebest reservoir rock in the Abu Roash ‘‘C” was deposited as
distributary channel ﬁll that cut through the underlying
strata (Fig. 21).
Modern Analogs-Tide dominated Estuaries:
Many Analogs around the world could be taken an
example for the same depositional settings of Abu Roashto enhance Abu Roash ‘‘C” oil reservoir productivity Sitra Area, Abu Gharadig
jpe.2016.04.003
Figure 20 Summary of tide-dominated depositional environments. A generalized map shows sub-environments and the associated net
sediment transport directions, and relative grain size of sediments resulting from changes in process energy down-depositional dip.
Diagnostic characteristics of each environment are listed. (A) Tide-dominated delta. (B) Tide-dominated estuary (based on Dalrymple &
Choi, 2007).
Re-development concepts to enhance Abu Roash ‘‘C” oil reservoir productivity 27‘‘C” member (i.e. Morondava Coast in Madagascar (Fig. 22)
and Pakistan Coast (Fig. 23)).
Production Data (Table 12).
A/R ‘‘C” reservoir description
The A/R ‘‘C” sand reservoir consisting of tidal channels &
sand ﬂats is believed to be latterly extensive in the Sitra 8 area.Please cite this article in press as: H. Salama et al., Identify re-development concepts
Basin, Western Desert, Egypt, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.eRDT data acquired in Sitra 1B, 2 and 5 shows that the sands
are in pressure communication despite some of these wells are
more than 3 km away from each other. The average Net to
Gross is high (more than 50%). The porosity range between
9% and 19% and permeability between 20 mD and 1D with
best reservoir properties observed in the clean tidal channelsto enhance Abu Roash ‘‘C” oil reservoir productivity Sitra Area, Abu Gharadig
jpe.2016.04.003
Figure 21 schematic drawing for the concluded depositional model for Abu Roash ‘‘C” Member.
Fluvial - Tidal 
Transion Belt
Fluvial Dominated 
Channels
Tidal Dominated 
Channels
4 Km.
Figure 22 Pakistan Coast.
28 H. Salama et al.(K up to 500 mD) with an expected preferential NW-SE orien-
tation (channel orientation). Despite possible local reservoir
deterioration can locally occur (mud ﬂats) [22].
From the production data and the illustrated map (Fig. 24).Please cite this article in press as: H. Salama et al., Identify re-development concepts
Basin, Western Desert, Egypt, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.e We have two structural blocks in Sitra Area where AR”C”
exhibit different behaviors as a result we noticed two differ-
ent ODT.to enhance Abu Roash ‘‘C” oil reservoir productivity Sitra Area, Abu Gharadig
jpe.2016.04.003
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Figure 23 Morondava Coast (Madagascar).
Table 12 Production data.
Well name Well_status for (AR/C) Perforated
intervals
Production performance Fluid contacts STOIIP (MMstb)
Strat (BOPD) Now (BOPD) LC BC HC
Sit 08-01 ST2 On Production 2961–2973 4300 163 ODT: 2909 5(8-block) 7.5(8-block) 10(8-block)
Sit 08-20 ST On Production 2839–2856 942 2400 10.5(8-block) 28(8-block) 45(8-block)
Sit 08-29 Watered Out 2885–2892 629 0
Sit 08-17 Watered Out (production
switched to Bahariya
Reservoir)
2856–2870 2500 0 ODT: 2850
WUT: 2898
5(5-block) 7.5(5-block) 13.1(5-block)
LC: which is the ODT (ODT*Oil Down To).
HC: which is either the maximum reservoir closure or the WUT (WUT*Water Up To).
BC: which is the mid-point between the LC & HC.
Re-development concepts to enhance Abu Roash ‘‘C” oil reservoir productivity 29 A/R ‘‘C” member in Sitra 8 area forms an attractive reser-
voir for water ﬂooding based on the evidence of reservoir
connectivity.
 In the Sitra 5 block the A/R ‘‘C” reservoir penetrated
despite thinner exhibits similar good reservoir quality than
in Sitra 8 block.6. Conclusion
Sitra area is divided into many Structural blocks; the main
producing one is the Sitra 8 block in which 39 wells were
drilled since 1993 started with the drilling of Sit 8-1 well; till
2015 with the drilling of Sit 8-39 well. Various data form these
wells were evaluated to form a detailed depositional facies
models for the Abu Roash ‘‘C” reservoir, the log analysis
was tied to the core descriptions, and ditch cuttings data to
provide a relationship between log response, lithology, deposi-
tional facies, and reservoir characteristics.Please cite this article in press as: H. Salama et al., Identify re-development concepts
Basin, Western Desert, Egypt, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.eIn Sitra Area the Abu Roash ‘‘C” is approximately 60–90 m
thick and exhibits all of the characteristics of the shallow mar-
ine tidal dominated estuaries which is linked to the south with
a ﬂuvial system during Turonian time, the tidal dominated sys-
tem are clearly identiﬁed and represented in tidal channels and
tidal ﬂat facies, march deposits, and distributary mouth bars.
The best reservoir rock in the Abu Roash ‘‘C” was deposited
as distributary channel ﬁll/Mouth bars that truncate the
underlying strata.
According to [53]’s deﬁnition for the sequence boundaries,
in Sitra Field two major parasequences were identiﬁed, the ﬁrst
lower one was developed during a shallowing upward sequence
represented by shale/ sand intercalations into which the main
Abu Roash ‘‘C” reservoir sand bodies are included, and
reached its end by the appearance of a laterally extended coal
marker nearly one meter thick. This parasequence was depos-
ited subsequently to a falling sea level phase which occurred
after the deposition of Abu Roash ‘‘D” limestone. The
succeeding parasequence (deepening upward) reached itsto enhance Abu Roash ‘‘C” oil reservoir productivity Sitra Area, Abu Gharadig
jpe.2016.04.003
Figure 24 ARC Structural contour map showing the Fluid contacts of both blocks sitra 8 and sitra 5(yellow is more shallow, blue is
more deep) (ODT * Oil Down To , WUT * Water Up To).
30 H. Salama et al.maximum ﬂooding surface (MFS) by the deposition of the
widely extensive shale marker being rich in pelagic Pelecypod
shells. The upper part of AR‘‘C” Member represents the high
stand systems tracts (HST) of this sequence and consists of silt,
shale and some limestone interbeds.
The resultant stratigraphic units consist of: genetically
related depositional cycles (3 cycles) and their components of
facies sequences (5 facies types), each cycle has its own distri-
bution, facies classiﬁcation and reservoir characteristics.
The new understanding of the depositional model for ARC
Member as a part of the Paralic environment, [47] reveals the
major affecting factors that controls the behavior of this reser-
voir through time and consequently offers a great opportunity
for the ﬁeld’s future development activities through a new phi-
losophy to maximize the ﬁeld ultimate recovery and generate a
development plan for Sitra Area that identify the beneﬁts from
drilling new development/appraisal wells and applying water
injection projects.
This study didn’t catch the upper part of AR‘‘C” Member
in details due to the very poor quality of the thin sand streaks
deposited and hence its low potentiality.
7. Recommendations
U The new depositional model and facies classiﬁcation of this
study recommend further appraisal activities in the south-
ern part of sitra 8 and 5 blocks to conﬁrm and detect the
actual path and distribution of the southern ﬂuvial (chan-
nel/channels) for more hydrocarbon productivity.Please cite this article in press as: H. Salama et al., Identify re-development concepts
Basin, Western Desert, Egypt, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.eU The A/R ‘‘C” Member in Sitra 8 area forms an attractive
reservoir for water ﬂooding based on the evidence of reser-
voir connectivity.
U The A/R ‘‘C” Member in the northern part of Sitra 8 block
is watered out (only could be used for water ﬂooding).
U The water injection in AR‘‘C” member is very useful in the
southern part of Sitra 8 block as discussed in the production
data of the Sitra 8-20 St Well.
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